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Dispersion Control System for Sounding Rockets

1. INTRODUCTION

High altitude scunding rockets have always presented a problem to small test
ranges such ags WSMR because of rocket dispersion, This reportpresents a strap-on
dispersion control system employing a 16-bit microprocessor as its brains, that
requires only software changes to accommodate different sounding rocket vehicles.

The Pajute-Tomahawk sounding rocket was chosen as the first test vehicle for
this system because it is the most difficult to control. Figure 1 shows the payload
as it was hung by ropes from the launcher during TM checks at WSMR. The
actuator is a pneumatic position, proportional canard control manufactured by
Chandler Evans Inc. A 8000 psi helium gas bottle, visible in the illustration, pro-
vides the energy to move the fins. An exercise port is available on the actuator

for connection of an external helium source, providing a means of exercising the tins

without firing a pyrotechnic which opens the helium gas bottle valve, Figure 2
shows the rack in the control section. A modified MIDAS platform (Gyro) manu-
factured by the Space Vector Corporation provided the error signals for the control
system. Notethatthe removable eyelets at the top of the rackallowedfew .¢. 'inser-
tionand removal from the control housing section. Figure 3 shows the control sys-
tem electronics mounted on four wire wrapboards with the 16-bit microprocessor
mourited on the wall of the electronics box for heat sinking purposes, ‘The wire

{Received for publication 3 March 1976)
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wrap boards are manufactured by Mupac Corp. and used because of their unique 108
pin socket connector. The 16-bit microprocessor is the TDY-52B manufactured
by Teledyne Systems Company and discussed in greater detail in Section 2, 3.
Operation of the control system was only durirg the coast phase of flight, that
is, T+5 sec to T+17 sec with second stage ignition at T+20 sec. The system is
capable of guiding through second stage, however, Range Safety required early shut
down so they could observe the gyro output and determine if it is safe to enable the
second stage. The system was launched 16 October 1975 at WSMR with a radar
impact within a mile of a computer simulated impact.
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Figure 1. Dispersion Control 9-in. Dia Payload
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2. DISPERSION CONTROL ELECTRONICS

A detailed discussion of the important electronic circuitry used by the Disper-
sion Control Electronics is described in the following sections. The complete
circuit diagram is not contained in this report because of its size,

2.1 Block Diagram

F.gure 4 is a simplified block diagram of the dispersion control systei.. «:ec-
tronics, The heart of the system is a 16~bit microprocessor, TDY-52B, requiring
only a 512 word by 16~bit memory to perform all control algorithms,
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Figure 3. Dispersion Control Electronics

At rocket liftoff a G-switch activates the Interrupt Start which delivers a clock
pulse approximately every 10 ms to the TDY-52B interrupt line. Every 10 ms the
TDY-52B will increment a memory location, that is, the TDY~52B will also be the
system clock, Five sec after liftoff the TDY-52B will pulse the Initiate Actuator
signal releasing gas into the chamber of the pneumatic actuator. Until 17 sec after
liftoff when the Lock Fins signal is pulsed the TDY-52B will sample the Gyro out~
puts every 10 ms and provide an output to the canards via the Pitch & Yaw Command
A& B signals. At 20 sec the 2nd State Initiate line will be pulsed and the TDY-52B
will halt.

Those blocks which require detailed explanation are discussed in the following
sections.

2.2 Gyro Resolver

The Gyro Resolver transforms the gyro roll, pitch and yaw encoder outpute
into positicnal information,

Figure 5 is the basic circuit used to transform the gyro encoder outputs, sig-
nals A und B, into positional information, Up/Down Binary counter outputs,

10
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There are three such circuits used by the Gyro Resolver, one each for Roll, Pitch
and Yaw. Signals A and B, Figure 6, indicate each . 08789 degree change in gyro
position and the direction of change, positive or negative from the previous position.
Thus each change of state between A and B is a change in gyro position of . 08789
degrees and the knowledge of the previous A and B state immediately following a
change of state indicates whether the gyro moved in a positive or negative direction.

—~| La— 08789°
Positive ———ee——mmme—in

N BEE

B ] NCQIﬁVO

Figure 6. Gyro Encoder QOutputs

The truth table in Figure 7 indicates all pogsible input states to the 1 of 16 decoder
and the resultant outputs to the binary counters. The truth table is read from top
to bottom for each dirention positive or negative. To change direction jump between
identical input stable states and continue to read down.

Ignore for the time heing the OR gate and D Flip Flop in Figure 5. The 8 pisec
delays allow the transition states to exist long enough to provide a clock pulse, CP,
whose positive going edge will increment or decrement the binary counters as
determined by the Up/down, U/D, signal. The 1 pusec delay insures the stability
of the U/D signal before the CP signal reaches the counters. >ynchronization of
the Gyro resolver with the TDY-52B is accomplished by the D Flip Flop which is
clocked by C45, a clock signal generated by the TDY-52B. Presetting of the
binary counters is accomplished serially through the OR gate using the Bias Input.

13
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CONDITION INPUY QUTPUTY
BBAA up cp
Stabls 1010 o 0 ]
Transition 1011 0 1
Stzble 1001 0 0
Transition 1101 0 1 Decrement {Negative)
Stable 0191 0o o0 ¢ Counters
Transition 0100 0 1
Stable 0110 0 0
Transition 0010 0 1 J
Stable 1010 o0 0 )
Transitions 1110 101
Stable 0110 0 0 .
Transiticn 0111 ! ! increment (Positive)
Stable 0101 0 0 .
Transition 0001 11 Counters
Stable 1001 0 0
Transition 1000 1 1
Stable 1010 °o 6
Figure 7. Gyro Resoclver Trutn Tabie

2.3 TDY-52B Microcomputer

The TDY-52B is a 16-hit parallel processor pacvi-aged in a 2 in, x 3 in, x 2 in,

(Figure 12) hermetically-sealed

module, dimensions are exclusive of its 120 pins.

Teledyne Systems Company is the manufactor of this hybrid computer based on
National Semiconductors IMP-16C micro-coraputer. The TDY 52B has the follow-

ing features:
Word Length
Instruction Set
Arithmetic

Memory

Addressing

Accumulators

16 Bits
60 (implemented by CPU resident microprogram)
Parallel, binary, fixed point, two's complement
Multiply, Divide, Double precision Add and Sub-
tract
Must be provided externally
16 word Lnst-In/First Out Stack Internal
Page Siue of 256 Words, For direct and indirect
modes: Zbsolute
Relative to Program Counter
Relative to Accumulator 2 (indexed)
Relative to Accumulator 3 (indexed)
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Input/Output and 16 bit data - memory input port
Coutrol 16 bit data - peripheral input port
16 bit data ~ output bus
16 bit address bus
6 general-purpose output flags
4 general-purpos= jump-condition inputs
1 general interruvpt input
1 control panel interrupt input

Figure 8 shows a simplified block diagram of the TDVY %2B. The CPU is the
heart of the TDY 52B which is configured around MOS/I.SI devices, as shown in
Figure 9. The MOS/LSI devices consists of two CROM's (Control Read Only
Memory) and four RALU's (Register and Arithmetic Logic Units). Each RALU
handles 4 bits, and a 16 bit CPU is formed by connec.ing four RALU'g in parallel,
A 4-bit wide control bus is used by the CROM's to communicate most of the con-
trol information to the RALU's

| <3 CONDITIONAL
— ~ JUMP L
MODULE MULTIPLEXER
PINS = MODULE
PINS
— ="
+ = CONTROL !_ >
MODULE ¢ FLAGS i
FINS
r CJ'JI—" cLOCK |
| | GENERATOR |—@— >
: [ " i I
| |

I
|
|
|
|
- . .| centraL
mgm.exen _| PROCESSING B:;rgues |
| <O——e o uNIT (cPU) | |
I |
|
ADDRESS I
»  Latcies [T |
J

Figure 8. TDY-52B Simplified Block Diagram

15




.
4BITS ALy LABHTS
CROM
ABITS 4BITS
- RALU ——
CROM
DATA
¥ INPUT/OUTPUT
{16 BITS)
ABITS
RALU  |eellS.
CONTROL | SRS
BUS (4 BITS)
ABITS 4BITS
RALU  |e—an
P

Figure 9. TDY-52B CFU Components

The Clock Generator in Figure 8 provides the CPU and external circuits to the
TDY 52B with the required timirg signals. There are eight time phases to each
execution of an instruction resident in the CROM. Coilestively the eight time phases
are called one microcycle an” a number of microcycles is required to execute each
instruction resident in the external memory. Figure 10 shows the timing relation-
ships, Time phase 4 (T4) may be extended during reading/writing operations when
external memory requires slower access times than 525 ns. The use of external
circuitry is required to extend T4 greater than two time phases. For more de-

tailed informaticn contact Teledyne Systems Company, Northridge, CA 21324,
Figure 11 is a flowchart of the TDY-52B operatior starting with application of

power. When power is first applied all RALU registers, flags and the LIFO stack
are cleared to ero.
in which the Program Counter (PC) is set to a starting value of FFFEIS' that is,
the next-to-last location in the :nemory which is the first executed instruction.

The microprogram then enters an initialization sequence,

24 Computer Housekeepng

The Computer Housekeeping circuit as shown in Figure 13 provides the TDY-
52B with an approximate 10 ms interrupt and a system clear signal (SYSCLR).
This circuit also provides the PCM and dehcunce clocks.

16




'ﬂmol’hmIT‘l'T2|‘|’3|T4|T6|T6|T7l1’8|
S ook T y J LUy
(5.714 MHz) ol
/ Ca1 ; I I

0
Clock .
owan | os 1 [ L
(externally 0 =
available) ;
ce7 ,____L_—
0
1
Holdout 0 r—L
1
i [s] [[Reser |
1
Data Input/Output lOutputl r—l'ﬂrm
" i ° Valid Valid
Jump Condition 1
Multiplexer Input 0 Jvllid |

1 Microcycle (1.4 i$) e

Figure 10, TDY-52B Timing Diagram

At system power turn on Reset is held momentarily low while Interrupt and
Computer Start are held high. The TDY-52B will execue its first instruction
from location FFFE16 of the memory when Cornputer Start is momentarily
grounded. To reset the TDY-52B while payload power is on momentarily ground
Reset while momentarily turning OFF the TDY-52B minus 12 volt supply.

Interrapt Start is momentarily grounded during rocket liftoff enabling the in-
terrupt clock., C45 in Figure 13 synchronizes the Interrupt Clock with the TDY-
52B. Syrchronization is required to prevent a positive transition during Time
Phase 2 (T2, Figure 10). Interrupt Enable {INTEN) in Figure 13 is set by the TDY-
52B under software control and cleared automatically upon the TDY-52B's recog-
nition of a positive Interrupt Clock transiticn. Upon recognition of a positive In-
terrupt Clock transition the TDY-52B will halt and not execute the instruction from
mernory location 000116 until the Interrupt Clock is zero, hence the use of the last
D Flip-Flop in Figure 13,
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? R,

RALI? REGISTERS, FLAGS, AND
LIFOS CLEARED (TO ZERO)

PROGRAM COUNTER SET TG FFFEqq

L (1) ]
—)/L
] ~ Y
LOAD (PC) ONTO DATA BUS PULSE RSAD MUEMORY FLAG

ENTER (PC) INTO ACTUATE READ
ADDRESS REGISTER OPERATION IN MEMORY
L -l }
12ONTROL YES |GoTO
PANEL CONTROL PANEL
INTERRUPT SUBRC! 'TINE
. |
EXECUTE INSTRUC® ION
IN LOCATION 4
INSTRUCTION RECEIVED é
FROM MEMORY
1 o~
BITS 0-7 OF INSTRUCTION WORD BITS 7—16 OF INSTRUCTION
TO MEMORY DATA REGISTER WORD TO CROM
L M |

MEMCRY
REFERENCE
INSTRUCTION

COMPUTE EFFECTIVE ADDRESS I

TRANSFER DATA FROM MEMORY
TO DESIGNATED R 2'STER

J

[Cexecute nstrucTion |+~(1)

Figure 11. TDY-52B Operation Flowchart
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Figure 12. TDY-52B

25 Memory Interface

The Memory Interface circuit provides the necessary timing and control sig-
nals for interfacing of the memory with the TDY-52B. Figures 14 and 15 make up
the Memory Interface Circuit while Figure 16 was used in place of Figure 14 during
software development of the dispersion control system. See Figure 17 for circuit
timing.

The Timing Interface Circuit of Figure 15 extends T4 to allow adequate access
time tothe CMOS RAM's. During a read microcycle, address informationissent out
at T4 and the TDY-54 B expects data back at T7 of the same microcycle. During a write
microcycle data is sent to the memory during T4 of the next microcycle. The TDY-52B
employs latches on its address lines eliminating the need to store adiress informa-
tion externally. TDY-52B output signal Holdout triggers the Holdin signal high
causing T4 to extend for 7.0 time phases. Holdout is generated only during a
read/write (R/W) microcycle.
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The circuits of Figures 14 and 15 provide their respective memories with
Chip Enable (CE) and Read/Write (R/W) signals., Because of the large capacitive
loading created by the CMOS RAM's, the TDY~-52B address lines take approxi-
mately 500 ns to reach v stable state, the CE signal is delayed for 612. 5 ns after
the start of T4, The RAM Enable line in Figures 14 and 16 is used in conjunction
with the ROM Loader, where a logic zero enables access to the memories.

3. DISPERSION CONTRO.. SOFTWARE

A detailed description of the Dispersion Control Software is contained in the
following sections and a complete listing in Appendix C. Appendix B describes the
TDY-52B Assembly Language used in Appendix C while Appendix E is a listing of
the terms used by the flowcharts and listings.

3.1 Auto Pilct Difference Equation

Eq. (1) is the autopilot t‘ilter1 chosen to control the Paiute-Tomahawk Rocket.
The dispersion control system uses two of these auto pilots, that is, control in
pitch plane and control in yaw plane, &c is a positional command in degrees to the
cannards in either the pitch or yaw plane and 6 ¢ 18 the error signal generated in
the pitch or yaw planes.

Eq. (2) is written by matching2 zeros and poles in the z-domain with those of
Eg. (1) in the s-domain. The constant K, is determined by equating the final value
of Eq. (1) with Eq. (2) in Eq, (3). Expanding Eq. (2) as shown in Eq. (4), the
autopilot difference equation, Eq. (5) falls out.

Since fixed point arithmetic will be used by the software, Eq. (5) must be
scaled. The maximum absolute allowable error signal is a 22,5° -~ , 08789° step
where |5°|s 210.11. The scale factor 256 will be used as shown in Eq. (6). The
factor .8 is absrrbed by K, to save a software multiplication step when converting
the autopilot fixed point output for use by the D/A converters,

Eqs. (7) and (8) are the equations used by the software.

8cls) _ K (0
f cIs (s+w)2

where K =6 andw=.8,

1. Wilson, George, Martin Marietta Aerospace,
2. Technique from Software Rezearch Corp.
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Oc(z) _ 1 , (2)
: c(21 (z - e-WI)z

where T = sampling period,

K

K _ 1 as 57 0 (3)
-2 - ~wT, 2 z31"*
w (1-e )
[t
where K1 = K ,-—‘TV_—_ .
so=2"T 27l bc - T 27264k, 2720, (4)
scn = 27 %T Ben-1 - e 2%T gen-2 + K, 8cn-2, (5)
Sen] _ 5 5 [6cn-1 _ g [8en-2) | _‘f& (6cn-2] (6)
256 956 256 256 '
where K2 = .8’°‘Kl * 256 * ,08789°,
< T
Az e T
B = e-2wT
[8cn-2] = Integer quantity of . 08789° steps which is
presently divided by 256, Note that
(6en-2]) 4 Hcn-2,
K2
ADP = 2 * A ¥ ADP1 - B * ADP2 + 35E * THETAZ, (7N
Ky
ADY = 2% A% ADY1 —B * ADY2 + 755G ¥ PSIG2 . (8)

3.2  Auto Pilot Flow Chart

Figure 18 is a simplified flow chart of the Dispersion Control Software.

Execution begins with Block A (see Figure 19) where test commands are sent
to the fins and the 32 word by 16 bit RAM is initialized. Upon completion of Block
A the TDY-52B will wait for activation of the Interrupt Start l.ine. Every 10 ms
after activationof the Interrupt Start, TN will be incremented and compared against
TL (Launch Time), TI (Initiate Actuator Time), T13 (TI . 100 ms), TF (Lock Fins
Time), TF3 (TF + 100 ms), and T2 (2nd stage Initiate Time), that is, variable TN
will serve as the system clock. Block B will perform roll transformation of
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] Initialization
1 I
\ -
No
Yes
! 1
— Ti= TN + 001044
: ‘et F8
' ) Set INTEN
u3 No ‘
Sot )———— COUT=TN
Yes
Pulse F8

|

‘ Set F13
l Pulse F13
i
Yes —/\ Y
} TN2TF3 D = TN>TF
1 \{ No
Set F14 POUT = 0000, BLOCK B
YOUY = 0000, a. Transformation of
Coordinates
- b. Output Pitch and
No i Yaw Command
Set F12 c Set F12
' Yes - -
y
Set F15 /
) Halt U3 No U3 No |
Set Set
Y
Ves s
BLOCK C
Pulse F12 a. Read Pitch & Yaw
Gyro Outputs

4 b. Calculate Pitch & Yaw
Difference Equations
c. Pulse F12

y

Figure 18, Auto Pilot
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coordinates while Block C will calculate the difference equations. Note that Flags

F8 and F12 and user jump input condition U3 were used to synchronize the TDY -52B
with the AFCRL EAI 8900 during ground testing,

3.3 Block A

. l Comments

ACO = FF00,4 +10° Fin Command
CALL FDELAY (ACO) for 5 Sec

ACO = C0004¢ +5° Fin command
3 CALL FDELAY (ACO) for 5 sec

1 ACO = 40004 ~5% Fin command
{ CALL FDELAY (AC0) for 5 sec

ACO = 7F0015 —10° Fin command
CALL FOELAY (ACO) for 5 Sec

TN = 00004¢
ADPH = 00004
ADPL = 0000,
ADPH1 = 0000, ¢
ADPL1 = 0000,
ADPH2 = 0000,¢
ADPL2 = 00004
THETA = 0000, ¢
THETAT = 0000,
THETA2 = 000045
ADYH = 0000,
ADYL = 00004
ADYH1 = 0000,
ADYL1 = 0000, |
ADYH2 » 0000, 2
ADYL2 = 0000,
PSIG = 000045 :
PSIGT = 0000, ,
PSIG2 = 00004
SEGADD = 00584
REFPH = 3EA9,g
REFPL = C1A64g
POUT = 00004
YOUT = 0000,

SET INTEN Enable TDY-52B internal Irnterrupt
CouT= 550016 Output initiation complete
signal to cdlock Istch

I e s

R e e 8 i ARG ML R S P e

} Zero Fin Commanid

Figure 19. Block A
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34 BlockB

Block B calculates the effect of Gyro roll position phi, ¢, on the pitch and yaw
commands (see Figure 20),

Gyro roll position phi is loaded in ACO using the format of Figure 21, ACO is
right justified by shifting ACO 5 times. AC2 is equated to ACO and shifted twice to
the right. The value in AC2 will be used as an address to select the correct |sin¢ |
and Icos ) | from Figure 22 while bits of 0 and 1 of ACO determine the correct
quadrant. The first If statement of Block B determines which of two pairs of quad-
rants, 1&3 or 2&4, is phi presently located. If phi is located in quadrants 1&3,
AC2 is the address of |sing| while 0020, - AC2 is the address of |cos ¢|. 1f phi
is located in quadrants 2&4. 0040,. - AC? is the address of |sin ¢ | while AC2
002016 is the address of |cos ¢| . The last two If statements of Block B determine

the signs of Isin ¢| and |cos ¢| . Finally the roll transformation equations «re
calculated and pitch & yaw commands sent.

3.5 BlockC

Block C calculates the pitch & yaw error signals and uses subroutine CALC
(AC3) to calculate the pitch & yaw difference equations. Figure 23 is a flow chart
of Block C.

Gyro pitch Og, and yaw, l,llg, position is placed in ACO using the format of Fig-
ure 24, Notice that this format has a scale :actor of 512 instead of 256 which is
used by the Auto pilot difference equations. Before subroutine CALC (AC3) is
called the pitch & yaw error signals are multiplied by 2.

Pitch & yaw error signals are calculated by subtracting the gyro input position
from the desired reference position., Gravity turn affects the pitch reference,
Figure 25, while the yaw reference is a constant 400016' The pitch reference is
calculated by successive summations rather than time consuming multiplications
as shown in Eqs. (9) and (10),

Pitch Ref = at+ b (9
where a = slope
t = time
b = intercept.
Pitch Ref = REFPN + £ ATNH (10)
where REFPN= b + antn
t, = time line segment n, Figure 25, begins n= 1. %, or 3
ANTH = a * T
a, = slope of line segment n
T = 10 ms sampling rate
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AC3 = 00004g

Set F11

ACO= 8

Pulse F11

Compliment Bit 5 of ACO
Pulse Flag SEL

ACO = ACO/84

AC2=ACO

AC2 = AC2/4 J

Yot a1

S ol ACO=1

No
AC3 = DATA(2 + 006F ¢}

AC2~AC2
AC2 = AC2 +0020,¢

ACY = DATA(2 + 006F g}

AC2==AC2 + 0040,¢

AC3 = DATA(2 + 006F g}
AC2 =-AC2
AC2 = AC2 + 002044

AC1 sDATAI2 + 008F yg}

I AC3=-AG |
[ Ac‘|:Am ]

(]
COSPH = AC1
SINPH = AC3
ACO = ADPH
Call MUL{ACO, AC1)
$CP2 = ACO
SCP3 = ALY
ACO = ADYH
AC1 = SINFH
Call MULIACO, ALY}
[ACO+ACY) = [ACO+ACY} +

[sCP245CP3)
Call ADUTI{ACO,ACY)
SCP4 = ACO
ACO = ADPH
AC1 = SINPH
Call MUL 1ACy, ACY)
SCP2= ACO
SCP3 = ACY
ACO = ADYH
ACt = COSPH
Calt MULIACO, ACY}
[ACO+AC] = [ACO+ACH)
~[sCP2+8CP3]

Calt AOUTIACO,ACT}
ACY = $CP4
YOUT = ACO
TOUT = ACY
Set F12

Figure 20. Block B
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Not und
Input roll position

See Figure 21
Shitt right ACO 5 placet
with 2eros lnto Bit 15

Shift right AC2 2 places with
zeros Into Bit 16

90° < 0<1°
"Y“{m°< 9< e’

] (J
" 0° < 9< %0
Mo <1ao° <e<zmo0”

AC3- jun®]

AC1= JeosO|
AC3= gl
ACi= Jeos® ]

Hyes 9P<¢ <190°
tNo 270°< ¢ < 380°

Hys o°s¢ <80°
HNo 100°< 9 <2n°

store signed cos @
storw signed sin @

ADPH® cos §

ADYH*sin®
ADYH?*sin @ ¢ ADPH*cor §

Stors Pitch commaend

ADPHsin ¢

ADYH® 300 8
ADYH*¢cor § ~ ADPHsin §

Ovtput Yow Command
Owtput Pich Commaend
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Set F11
ACO=1ig

Pulse F11

PSIG = ACO

Set F11
ACO=@

Pulse F11
THETA = ACO
AC2 = SEGADD
ACO = TGX

ACO=ACO~TN

Yes

AC2 = AC240005,¢

SEGADD = AC2

ACO = DATA (240001, ¢)
REFPH = ACO

ACO = DATA (2 +0002,¢)
RTFPL= ACO

&oswoow

&4 No
y

ACO = REFPH

ACO= ACO — THETA

ACO=2¢* ACO

THETA = ACO

ACO ~ REFPH

AC1 = REFPL

[ACO+AC1) = [ACO+AC1)
+H{AXTH+AXTL)

REFPH = ACO

REFPL = AC1

Call CALC (AC3)

ACO = YREPH

ACO = ACO-PSIG

ACO " 2°ACO

PSIG = ACO

AC3 = 0012y

Call CALC (AC3)

Pulse F12

Figure 23, Block C
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Comments

Not Used
Input Yaw Gyro Position
Not Used
Input Pitch Gyro position
Not Used

Not Used

Time to chan e Pitch ref
dope, where X=1,2,0r3

Pitch error signal

} Double Precision Add

Calculate Pitch difference equation

Yaw arror signal

Calculate Yaw difference equation




it e Aarite A

T

Aladieio N o <t irhs - anhl Lkt s Lt

XTI

ACO BITS
Lo e —
1B 14 13 12 11 16 9 8 7 6 6 - 3 2 * 0

0 o o % ® % %. 2 0 0 0o 0 o0 o0
w 8 g 8 § § o
N 5 =2 ¥ 8 8 F 8
Gyro Og or rg bit weights

Figure 24, Input Format of Gyro 6g and yg

|‘— AP on
25— 210 b payload
3 ! No. 1 | No.2 ! No.3
O o~
3
&
g
ks
o
21.0" 1 1 i 1 1
5 tg1 10 192 is 17
t93
Timelsec) —o
Figure 25. Pitch Gravity Turn - Pajute Tomahawk
3.6 Subroutines

3.6.! SUBROUTINE MUL (ACO0, ACI)

Subroutine MUL (AC0, AC1) calculates one-half the signed product of AC0O and
AC1. The 32 bit result is placed in AC0 and AC1 with the Most Significant Part,
MSP, in ACO (see Figure 26).
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No
Aco> 00004¢ Comments
y Yos
I ACO 2AC1 J L ACOZACT Accumultor exchange
Yes No
AC0>0000, ¢ Ac0>0000,>
Y
f No s
AC1=-ACt '
ACO = -ACO _]
L L & .
4
SCP= ACO
32 bit result combined in ACO
Ll:fuor:Acll = 1/2SCP*AC1 and AC1

!

|

r W1 - - ACT

B | Aco=-aco

I

Figure 26.

SCP = ACO

[ACO+AC1] = 1/28CP*AC1
[ACO+AC1] = -[ACO+AC1)
Return

3.6.2 SUBROUTINE AOUT (ACV0, AC1)

33

NOTE: Only positive ve''ies
may be multiplied

Max Execution time 260.05sec

Subroutine MUL (ACO, AC1)

Subroutine AOUT (ACO, AC1) wili convert tke fin command in ACO to n atch
the format of the D/A converter (see Figure 27),
The first IF statvment tests the sign bit of A0 and sets AC3 accordingly. A
test is then made of the fin command magnitude to determine if it exceeds the 10°
maximum. If greater than 10°, ACO is set to 10° and if less ACO is multiplied by

)
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128 removing in effect the scale factor used during its calculation, Remember that
the factor . 8 was buried in K2 of the difference equation, Eq. (6), so that only a 7
bit left shift is required at this point saving valuable time. The final IF statement
determines the correct sign bit for ACO,

Comments
Y& Aco >0000,
i
! No
| ] {ACO+AC1) = ~{ACO+ACT)
- AC3 = Sign bit of fin command
! [ Acs=o000, ] AC3= 000145
| L .
! /
’ Yes ACO>00FF g Test for maximum fin command
|
. [ No
[ ACO = 7F00,¢ | [ Aco=izs*aco | sniftacotere imes
No Ac3f00011s Test for sign
Yes

I ACO=ACO"OR" 800016 ] Set bit 15 for a positive command

I Return J

Max Execution Time 134.82 wsec

Figure 27. Subroutine AOUT (ACO, AC1)

3.6.3 Subroutine CALC (AC3)

Subroutine CALC (AC3) calculates the Auto Pilot Difference Equation, (see Fig-
ure 28). AC3 is used by the main program to tell the subroutine if the pitch or yaw
difference equation is {o be calculated.
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ACO = DATA (340008,

AC1 = K2
Cali MUL(ACO. AC1)

No ~
A\.°>m1s

]

ACZ=FF80g |
| .

<

ot Yeos

Divide {ACO+AC1) <
by 256

Stack 1~ AC3
SET Flag SEL
AC3 = 00084

Stack 2= AC2

Flag = Stack 2

ACO = ACO/2
AC1=AC1/2
AC3=AC3—-00014¢

No A3 = 0000,

Yes

AC3 = Stack 1
Stack 1= ACO
Stack 2= AC1

ACO=DATA(3 + 0004, ¢}
AC1=DATA(3 + 00056}

No

Y

{ACO+AC1] = -[ACO+AC1]
Call MPYB(ACO,AC1)
(ACO+AC1]) = -[ACO+AC1)

Aco>oooo16

\ Yes

L_

Call MPYB(ACU,AC1) —I

1
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Comments
ACO = THETA2 or PSIG2

No. of right rotations

Rotate right, L>bit 15 & bit 0>L
Rotate right, L bit 15 &bit 0> L

Save above result

ACO = ADPH2 or ADYH2
AC1= ADPL2 or ADYL2

1/2*8* ADP2 or
1/2*8* ADY2
Sce Eqs. (7) and (8)

Figure 28. Subrcutine CALC (AC3)
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SCP2. ACO

SCP3 = AC1

AC1 = Stack 2

ACO » Jtack 1

[ACO+AC1] = [ACO+AC1]~
[SCP245CP3)

Stack 1= ACO

Steck 2= AC1

ACO = DATA(3+0002¢)

AC1 = DATA{3+0003,¢)

No
ACO >oooo1 6

—

[ACO+AC1] =-[ACO+AC1]
Call MPYA(ACO,AC1)
[ACO+AC1] = -[ACO+AC1)

L

Yes
Call MYPAIACO.ACT) |

Sat Flag SEL

[ACO+AC1] = 2*[ACO+AC1)

SCP2=ACO

SCP3=AC1

AC1=Stack 2

ACO=Stack 1

[ACO+AC1)=[ACO+AC1) +
{SCP2+SCP3)

ACZ'DATA(3+OOO71G)

DATA(3+0008,5) = AC2
AC2=DATA(3+00064¢)
DATA(340007,gl=AC2
AC2=DATA(3+0003,¢)
DATA(3+0005,5) = AC2
AC2=DATA (34000245}
DATA(3+0004,¢1=AC2
DATA(3) = ACY
DATA{3+0001,¢) = AC1
Set Flag Set

[ACO+AC1] =2*[ACO+AC1)
DATA(3+00024¢) = ACO
DATA{3+1003,¢) = AC1
Return

<L s e wes - T .o~ "

Comments

} -1/2*B*ADP2 + 1/512* THETA2* K2
or
~1/2*B*ADY2 + 1/512°PSIG2*K2

ACO = ADPH1 or ADYH1
AC1= ADPL1 or ADYL1

1/2*A*ADP1 or
1/2*A*ADY1

} A*ADP1 or A*ADY1

A*ADP1-1/2*B*ADP2+1/5612*THETA2*K2 or
A*ADY1-1/2*B*ADY2+1/612*PSIG2*K2
THETA1 or PSIG1

THETA2 or PSIG2
THETA or PSIG

THETA1 or PSIG1
ADPL1 or ADYL1
ADPL2 or ADYL2
ADPH1 or ADYH1
ADPH2 or ADYH2

ADPH or ADYH
ADPL or ADYL

ADP or ADY
ADPH1 or ADYH1
ADPL1 or ADYL1

Max Execution Time 2822.7 it sec

Figure 28, Subroutine CALC (AC3) (Cont)
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3.6.4 SUBROUTINE MPYA (ACO0, AC1)

Subroutine MPYA (ACO, AC1) calculates one-half the product of the 32 bit fixed
point number formed by ACO0 and AC1 and the 32 bit fixed point number formed by
A and AL. The 32 bit result is placed in AC0 and AC1. MSP is in ACO (see Fig-

ure 29).

3.6.5 SUBROUTINE MPYB (AC0, AC1)

Same as MPYA except the 32 Lit fixed point number formed by B and BL is

used.

l

Stack? = ACO

Stack2 = AC1

ACi=A

SCP = ACO
[ACO+AC1)=1/2*AC1°3CP
SCP2=ACO

SCP3=AC1

ACO=Stack 2

Pulse Flag SEL.

ACO=1/2 ACO

AC1=A

SCP= ACO

[ACO+AC1] =1/2°AC1*SCP
Set Flag SEL
[ACO+AC1]=2*[ACO+ACT]
AC1=ACO

ACO = 0000, ¢

{ACO+AC1) =[ACO+ACT] +
[SCP2 + SCP3)

SCP2 = ACO

SCP3 = AC1

ACO= AL

Puise Flag SEL

ACO=1/2 ACO

AC1 = Stack 1

SCP = ACO

[ACO+AC1}=1/2*AC1*SCP

Set Flag SEL

[ACO+AC1]=2*[ACO+AC1)}

AC1=ACO

AC0=00004 5

{Acomcﬂ =[ACO+AC1] +
[sCP2+5CP3)

Return
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Comments

Store Most Significant Part (MSP)
Store Least Significan: Part (LSP)

} Store 1/2MSP*A
ACO= LSP
} Shift ACO right, bit 15=0

1/4 LSP*A
} 1/2 LSP*A

} Store 1/2MSP*A+1/2 LSP*A

} ACO=1/2AL
AC1 = MSP

1/4 MSP * AL
} 1/2MSP * AL

} 1/2MSP*A+1/2LSP*A+1/2MSP*AL

Max Execution Time 816.5 jLsec

Figure 29, Subroutine MPYA (ACO, AC1)
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3.6.6 SUBROUTINE FDELAY (ACO0)

Subroutine FDELAY (ACO) will provide an approximate 5 sec command to both
the pitch and yaw fins. ACO is the signed magnitude of the command and must be
in the correct format for the D/A converters (see Figure 30).

|

POUT = ACO
YOUT = ACO
AC1= 000516
' ACO= 753C+6 l Figure 30, Subroutine FDELAY
(ACO0)

r ACO = ACO — 0001, J

No

Yes
AC1 = AC1-00014¢ J

AC1=0

Yes
RETURN J

4. ROM LOADER

The ROM Loader is designed to edit or debug a program stored in the CMOS
RAM. An ASR-33 and Figures 33 and 34 comprise the ROM Loaders hardware.
There are three functions which the ROM Loader performs; List memory contents,
Read a paper tape into the memory and Write into the memory from the teletype keyboard.
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4.1 Uperation

To use the ROM Loader gwitch S1 of Figure 34 must be in position one before
starting the TDY-52B, When the TDY-52B is started the teletype will respond with
the message "COMMAND:" and wait for one of three commands typed on the key-
board L., R or W:

L, AAAA, BBBB* typed on the teletype will produce a listing of the memory
contents at the four digit hexadecimal location AAAA through location BBBB. See
Figure 31 for sample output.

R typed on the teletype will start the paper tape reader. Figure 32 is the
required papertape format.

COMMAND: L, 0020, 0024
LocC DATA

it e i el L

0020 4700 Figure 31, Sample ROM Loader Listing
0021 4C10
0022 €002
0023 AQ02
0024 0800

‘—-—' SPROCKET

00110 000 Starting address of data in
00110 000 ASCI! coded hexadecimal
00110 010 for this example 002016
00110 000
DDDDD DOD }
DDDDD DOD DATA in ASCII coded
DDDDD DDD hexadecimal, that is, for sach
PODDD DDD memory location there will be
four lines of punched tape.
& MSD is first. The ROM Loadsr
increments the starting sddress
for the next block of data.
Note that all characters ot in
Figure 38 will ba ignored by
Subroutine RECV (ACO, AC1}

DDDDD DDD
00109 001 )  Excemation mack terminates reading
of the paper tape,

Figure 32, ROM Loader Paper Tape Format
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ROM Loader Interface
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W, AAAA, BBBB* typed on the teletype will write the four digit hexadecimal
value BBBB in memory location AAAA,

After completing cach command the message "COMMAND:" is once again sent
by the ROM Loader indicating it is ready for a new command. *Note commas in
the above commands are not necessary, Figure 35 is the ROM Loader Flow Chart.

4.2 ROM Loader Electronics

The circuit diagrams in Figures 33 and 34 comprise the ROM Loader Elec-
tro ++ 8. The two 256 word by 8 bit PROM's contain the ROM Loader software.
Switch S1 of Figure 34 determines which memory the TDY-52B will fetch its first
instruction from, that is, position 1 will enable the ROM Loader while position 2
will enable the Dispersion Control memory. The RAM Enable of Figure 34 is
connected as shown in Figure 14, or when using the 4096 RAM in Figure 16, Ad-
dress lines AD0O through AD07 and AD15 of the TDY~52B are used to address the
ROM Loader memory (see Figure 34). Isolation between the ROM Loader Memory
and the Dispersion Control Memory is accomplished by means of Tri-State outputs,

which must be provided externally for the Intel PROM's, that is, the Hex Tri-State
Buffers DM8095.

52B.

MDOO0 through MD15 are the memory data input lines of the TDY-

4.3 Svbroutines
4,3.1 SUBROUTINE RECV (AC0, AC1)

Subroutine RECV (ACO, AC1) provides the necessary decoding of the 8 bit data
words sent serially by the teletypes transmitter, (see Figure 36). The subroutine
will return from where it was called with ACO containing the decoded teletype data
and AC1 containing the position of the teletype data in the look up table, Figure 38.

Upon recognition of a teletype start bit a 13.5 ms delay is intiated to wait for
the middle of the first teletype data bit, (see Figure 37). After ACO has been
filled with the first seven data bits and the parity bit, bit 8, ignored, ACO is com-
pared against the look up table in Figure 38 to determine what alphanumeric

character the teletype sent. If there is no match the subroutine will return to its

beginning to wait for another teletype transmission. If ACO contains the alpha-
numeric characters 0-F it is decoded from seven bits to four bits, that is, the
four LSB's of ACO will contain the hexadecimal digits 0-F with all other bits zero.
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Pulse F15

Call XMIT (ACO)
ACO= CFC3,q
Call XMIT (ACO)
ACO= CDCD.‘B
Call XMIT (ACO)
ACO= CEC116
Call XMIT {ACC)
ACO= BA(‘AW
Call XMIT(ACO)

Call RECV (ACO, AC1)

Calt WORDR (ACO, AC1) |

No ¢ act>0004,¢

Yes

Stack 1= ACO
Call WORDR (ACO, AC1)
AC3 = Stack 1

No

AC1>0C04,g

Yes

-

DATA (3} = ACO |

]

o N
-3

t

K et Anbdnk 5

Comments

Tum off TTY Reader Relay
Send carriage retum and
line foed to TTY

Send digits C& O to TTY
Send digits M&M to TTY

Send digits A& N to TTY

Send digit D & Symbol:
to TTY

Wit for Command

Check for legal command
See Figure 38

Identify command

W recsived
Wait for 4 digit menmiory address in ACO

Check for Hexadecimal digits

Save memory address
Wit for 4 digit data in ACO
Place memory address in AC3

Zheck for Hexadecimal digits

Store ACO content at memory
address ir AC3

Figure 35. ROM Loader Flow Chart
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N‘;“:
3
3
3
i A Comments
3 A Yes .
4 AC1>0002,¢ Identify Command
R received
3 No
3 Turn on TTY Reader Relay
3 Set F15 Wait for 4 digit initial 1."emory
3 Call WORDR (ACD, AC1)
4 address
3 AC3 = ACO Store address in AC3
Fi y
Stack 1 = AC3
1 Call WORDR (ACO, AC?} Wait for 4 digit data in ACO
AC3 = Stack 1

-
1 No_act >0004,¢ Check for termination symbol !
e
5‘ Yeus
3 DATAI(3) = ACO Store 4 digit data at address in AC3
; AC3 = AC3 + 000144 Increment AC3 by one
4
; | I
i Wy
4 A * ). veceived
i l Call WORDR (ACQ, AC1) ] Wait for 4 digit initial memory
1 address

i N

i 2 AC1 >0004,¢ Check for Hexadecimal digits

i

. Yes

i Stack 1 = ACO

) Csll WORDR (ACO, AC1) Wait for 4 digit final memory

. AC2 = Stack 1 address

'

]

: - No Ac1>0004, Check for Hexadecimal digits

;’ A Yes
i
|

Figure 35, ROM Loader Flow Chart (Cont)
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Stack 1 = ACO
Stack 2 = AC3
ACO = 8A8D,¢
Call XMIT (ACO)
ACO = CFCCyg
Call XMIT (ACO)
ACO = AOC3,¢
Call XMIT {ACO)
ACO = AOAO,g
Call XMIT {ACO)
ACO = C1C446
Call XMIT (ACO0)
ACO = CID4,g
Calt XMIT {ACO)
ACO = 8A8D ¢
Call XMIT (ACO)
ACO = 8A8D ;¢
Call XMIT {ACO)
AC3 = Stack 2
AC2 = Stack 1
AC1 = AC3

AC1 = -AC1 + 0001,¢

AC2 = AC2 + AC1

AC1 = AC3

Stack 1= AC2
Stack 2 = AC3

Call WORDS (AC1)
ACO = ADAD; ¢
Call XMIT (ACO)
AC3 = Stack 2
AC1 = DATA (3)
Stack 2 = AC3

Calt WORDS (AC1)

ACO = 8ABD4¢

Call XMIT (ACO)
AC3 = Stack 2

AC2 = Stack 1

AC3 = AC3 +0001,¢
AC2 = AC2 - 000!-'6

No
AC2 = 000045

Yes

s o e e e e ot et ot

Comments

Store final memory addrass

Store initisl memory address

Send carrisge return and
line feed to TTY

Send digits L & O to TTY

Send digit C and a space
Command to TTY

Send two space commaeine
to TTY

Send digits D&A to TTY
Send digits TS.A to TYY

Send carriage return and

line feed to TTY

Send carriage return and

line feed to TTY

AC3 = initial memory address
AC2 = final memory address

AC2 = No. of locr.tions to be listed

Send memory address to TTY
Send two space commands
to TTY

AC1 = memory content at address
stored in AC3
Send memory address contents to TTY

Send carriage return and
line feed to TTY

Increment memory Address
Decrement No. locations to be
listed

Retura if tist finished

Figure 35. ROM l.oader Flow Chart (Cont)




AC1 = 00014
ACO = 0000,

AC2 = 0007 4¢

us=1

Yot

[ AC3 = (46F ¢ I

[—AC:!-AC:!—OOO‘IW ]

I ACD = ACO + AC1 J

AC1 = 2* AC1
AC3 = 02F4,¢

—

[ Ac3=AC3- 0001y |

l AC2 = AC2 - 00014g ]

TR

o K A M
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Comments

TTY Bit location

AC2 = TTY Bit count

Wait for TTY start bit

13.5 ms delay

Test data bit

Logic 1 bit detected
(U3 is inverse of TTY data bits)

Advance TTY bit location

9.0 ms delay

Decrement bit count

TTY data input complete

Figure 36. Subroutine RECV (ACO, AC1)
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AC1 = 0014,
AC2 = FFD8q

Stack 1~ ACO
ACO = ACG-DATA (2)

AC2 = AC2 + 00014¢

No

[

ACO=Stack 1

AC0~00004¢

Yeos

ACO = Stack 1
ACO=ACO “AND" 000F,q

[ Aco=Aco+0009;; |

Figure 36.

[ Return |

9.0 ms deiay to allow
TTY perity bit to pass

See Figure 38
Starting address of Figure 38

Seve TTY data word

Increment table address, Figure 38

TTY data word match table,.Figure 38

Restors TTY data word
Seve only bits 0— 3

See Figure 38

Subroutine RECV (ACO0, AC1) (Cont)
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DATA(2) Asci | Aci
0030, 0 00144
0031,¢ 1 0013,¢
0032, 2 00124
0033,¢ 3 001144
0034,¢ 4 001046
00354¢ 5 | 000Fy, |
00361¢ 6 | %004 !
00374¢ 7 000D4g
0038 8 000C Figure 38, Subroutine RECV (AC0, ACI1)
18 16 Look Up Table
0039, 9 0008,
004145 A 000A ;¢
00424 B 00094 .
004345 C | 00084
004445 O} 00074
00454¢ E | 00064
004646 F | 0005
00214 ] 00044
004C4¢ L | 00034
0052,¢ R 00024
005745 w 00014

4,3.2 SUBROUTINE WORDR (ACO, AC1)

Subroutine WORDR (ACO0, AC1) receives four data words from the teletype and
stores them as four hexadecimal digits of four bits each in ACO using subroutine
RECV (ACO, AC1), (see Figure 39 and Figure 40). AC1 will contain the position
in the look up table, Figure 38, of the last uata word received. If the teletype sends

an !, L, R or W the subroutine terminates early.
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RN TP

‘ Comments
AC2 = 0004,¢ AC2 = Digit Count
1
Stack 1 = AC2
ACO=ACO* 16 Shift ACO 4 bits left
Stack 2= ACO
Call RECV (ACO, AC1) Wait for digit from TTY
AC3 = Stack 2
ACO= ACO +AC3 Stors received digitin ACO
AC2 = Stack 1
q No AC1>0004,¢ Check for legal digit
Return I Yes
| AC2=AC2-0001,4 | Decrement digit count
No “Ac2=0000,q TTY sent four digits
Yes
Return ]

Figure 39. Subroutine WORDR (AC0, AC1)

Bit 1% 14 13 12 n 10 9 8 7 5 5 4 3 2 1 0

| Digit No. 1 Digit No. 2 Digit No. 3 | Digit No. 4
T

MSD 4*

Figure 40. Format of AC0O, Subroutine WORDR (AC0, AC1)

J

4,5,3 SUBROUTINE XMIT (ACO0)

Subroutine XMIT (ACO0) will transmit two 8 bit data words in ACO as two tele-
type data words, (see Figures 41 and 42). If only one data word is to be sent use
data word No. 1 and set data word No. 2 to zero in Figure 42.

4,3.4 SUBROUTINE WORDS (AC1)

Subroutine WORDS (AC1) in conjunction with subroutine XMIT (ACO0)} will trans-
mit to the teletype four hexadecimal digits in AC1 using the format of Figure 40,
Figure 43 is the flow chart used by Subroutine WORDS (AC1).
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1

Pulse SEL Flag
Set F12
. AC3 = 02F4,,

e & |

i

I AC3= AC3 - 0001,¢

No

AC3+0000,
Yes

| AC2= 0008,¢
| Pulse F12

| Set F12

| AC3 = 02F4,g

[ Ac3=..c3-0001,4

No

AC3-000016

Yes

ACO=AC0/2
AC2= AC2-0001 16

No

A02'00001 6

Yes

Comments

During right shifts bit 23 is
givena 0
Send Start bit to TTY

9 ms delay

AC2 = bit count

Terminate Logic 0 value bit to
TTY if being sent

Begin Logic O value bitto TTY

9 ms delay

Shift ACO One bit right

8 bits sent

Figure 41. Subroutine XMIT (AC0)
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3 I
¥, wmcaeny ade
A Pulse F12 Terminate Logic 0 value bit to
AC3 = 02F44g TTY if being sent
F [ Acs-acs-oootyg |
3 9 ms delay
3 No 1
; AC3=00004¢
%
3 Yes
[ Aca-oarayg | & Sand two stop

)
[ Ac3=Ac3-o00014g |

9 ms delay “

Test for 2nd 8 bit data word
in ACO

| Return |

Figure 41, Subroutine XMIT (ACO) (Cont)
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Bit 156 14 13 12 n 10 9 8 7 6 5

Data Word No. 2 Data

LsB

Figure 42. Format of ACO, Subroutine XMI

[ Ac2=0004: ]

Rotate AC1 left
4 bits ABCDg~ BCDAg

ACO = ACY
ACO = ATO “AND" 000F ¢

ACO = ACO “OR" 00C0,¢

N
2 AC0>00C9,6

| Aco-aco+Frros | Yes
I ACO = ACO - 0009,

Stack 1= AC1

Stack 2= AC2

Call XMIT (ACO}
AC2= Stack 2

AC1 = Stack 1

AC2= AC2 - 00014¢

AC2 = 0000,¢

r Rewurn

Figure 43, Subroutine WORDS (AC1)

oo “*'“w'“"w PRSI tahigf
ey S AN SO L — e o 3

4 3 2 1 0

Word No. 1

LsB

T (ACO)

Comments

Digitcount =4

Digit to be sent occupies
bits 03

All bits zeroed except
0-3

Place digit C in bits
4-+7, Convert digit
to 8 bit TTY word

Check for letter or
asumber in Figure 38

Transmit Digit
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TDY-52B Instruction Set

e et NGRS T o

L el ST SRR

Execution Time
MNEMONIC INSTRUCTION NAME FUNCIION in Microseconds® Format
LOAD AND $10%E
1o % LOAD (EA}= (ACr) IF INDIRECT {{EA)) -~ (ACr) 9.1,10.15 IF Ind. 2
st wk STORE {ACN)- (EA), IF INDIRECT {ACr) ~{(EA}) 10.15,14,35,IF Ind. 2
108 LOAD 8YTE (1/2 EA)=(ACO LESS SIGNIFICANT §YIE) Right 21.0,left 32.2 5
18 STORE aviE (ACO LESS SIGNIFICANT 8¥TF ~(1i/2¢A)  [Right 29,05, Left 5
0~(SEL 38.85
ATHMENIC
ADD ADD (ACH) + {{A)= (AC) OV, CY 9.1 2
sus SURIRACT (ACH) - (tA)~ {ACH) OV, CY 9.1 2
MPY MULTIRLY (:A)-(Acn-[(Aco, ucn] L o~-ise) [L5L.55 to 173.95 5
o DIVIDE (ACO), (Acnl-(u)—uco) QUOTIENT 178.15 to 225.75 5
-(SEQ  OV,’L “(AC)) REMAINDER
DADD DOUBLE PRECISION ADD °| _t_;uggz’, g«::lg; l(sA), (EA'I)]-I‘IACO). (Acn] 21.0 5
DSUS DOUSLE PRECISION SUBT.ACT {wcay, ucn] - J(EA), (EA + n]..{uco), (ACI)] 21.0 5
0~ (SEL) OV, CY
LOGICAL
AND AND (R01) "AND~{EA)(RO}) 9,1 3
ot or (RO1) ~OR" (EA) - (R01) 9.1 3
{3
152 INCREMENT AND SKIP IF ZERC (EA) + 1 = (EA) 12.95 If Skip 14.35 4B
1F (EA) 20, (#C} + 1 = (PC)
052 CECREMENT AND SKIP IF ZERO ::A()EA)I-‘;'[»(\;C“'.‘PC' 14.35 If Skip 15.75 4B
SKG SKIP IF GREATER THAN IF (AC/) >{£A), (PC) + 1= (PC) 13.3 to 16.1 2
SKNE SKIP If NOT EOUAL IF {ACr) 4 (EA), (PC) + 1 = (PC) 10.5 2
SKAZ SKIP IF "AND® 1S ZERO IF (%01) "AND" (EA) 0, iPC) * 1= (FC) 10.5 If Skip 11.9 3
o SKIP IF STATUS FLAG 1RUE IF GIATUS FLAG ) <1, (hC) 4 1--6) 27.65 to 55.65 9
{
skt SKIP IF MIT TRVE ;f (‘:Eclo) SLIN) = 1, (FC) + 1 - {FC) 27.65 to 55.65 9
SINGLE 81T
Tseist SET STATUS MT T (STATUS FLAG N) 24.85 to 51.45 9
cust CLEAR STATUS 8:T 0-- (STATUS FLAG N) 2h.85 to 51.L5 9
serait SET BT 1-= (ACO BIT N) 22.05 to 48.65 9
cuer CLEAR 81T 0-- (ACO 81T N) 22.05 to 18.65 9
cmet COMPLEMENT BT {ACO 81T N)-=(ACO 81T N} 22,05 to 148.65 9
TBANSFER,
IMP Sk Jume EA=(PC), IF INOIRECT (EA)= (ACY) 5.25 If Ind, 9.1 LA
IR Hk JUMP 1O SUSROUTINE (PC) ~(STK) 6.65, If Ind. 10.5 L7
TA =(PC), If IMDIRECT FEA) = (PC)
0C 8 NCH ON CONDITION 1f CONDITION CC 1S TRUE, 6.65, IF Branch 8.05 1
(PC) + D +(AC)
N RETUAN FROM INTERRUPT (51K) + € = (PC) 8.05 8
1= (IEF)
1N RETURN FROM SUBROUTINE (5TK) + C = (#C) 6.65 8
N JUM? 1O SUBROUTINE IMPLIED | (PC) = (1K) 6.65 8
FF0,, + C= (PC)

Preceding page blank

*Times are for T4 Extended 6 Time Phases
**For Ind. add ID to mnemonic, thatis, LDID
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TDY-52B Instruction Set (Cont)

- #or N e e o

WORANERS VA SN -2
s A 0N Sae e B o
’
- Rl e o b

Execution Time

MNEMONIC INSTRUCTION NAME FUNCTION In Microseconds* Format
TRANSFER {cont)
PP JUMP THROUGH POINTER 1100, #N) ~ (C) 12,95 9
Jonp JMP 1O SUBROUTINE THRU POINTER |  (PC)=ISTK) (100, ¢ C)-=PC) 14.35 8
INTERAUPT
JINT JUMP INDIRECT TO LEVEL O {PCY—(STK), O—(IEF) 11.9 9
(0120, W) ~PC
15CAN INTERRUPT SCAN 1/2 (AC1)-=(AC1) UNTIL | SHIFTED OUT 13.65 to 113.05 9
IAC2; + NUMBER OF SHIFTS—~(AC2)
SHIFT
oL ROTATE LEFT 2 {ACr) — {ACH)
I SELE 1, O 1510, - o) O PES(6.65 + 2D 4B
2Or ROTATE RIGHT 172 (AC) — (ACh)
IF SEL =0, (BIF 0)—(MIT 15) oTMES| 6,65 + 4.2D Y-
IF SEL =1, (817 0)—=11), (L)~ (817 15)
SHL SHIFT LEFT 2 (ACH) —(ACy)
o= (o7 0) omnmes| 6,65 + 4.2D LB
IF SEL = T, (BIF 15)= (1)
SHR SHIFT IGHT 172 (AC) ~(ACY)
If SEL =0, 0~(8IT 15) onmes[6.65 + 4.2D 4B
IF SEL = 1, (L) ~(81T 15), 0~L)
STACK
PUSH PUSH ONTO STACK {ACH)~(5TK) 5.25 4B
ruLL PULL FROM STACK H(STK)= (ACH) 5.25 4B
PUSHE PUSH STATUS FLAGS 5A~(IK) 6.65 8
ONIO STAFK
PULLF PULL STATUS FLAGS FACM (STK)~ (ACH) 8.05 8
STACK INTC FLAG REGISIER
XCHRS EXCHANGE REGISTER (ACH =($TK) 8.05 LB
AND STACK ($TK)~ (ACr)
IMMEDIATE
u LOAD IMMEDIATE 0= (ACH 5.25 4B
Az A0D IMMEOIATE AND o o e 6.65,IF skip 8.05 LB
CAl COMPLEMENT AND ADD ~ (ACH) » D= (ACY) 5.25 4B
IMMEDIATE
REGISTER
RADD REGISTER ADD (%) ¢ (OR)=(CT)  ~v,Cy 5.25 6
RXCH REGISTER EXCHANGE (SR~ (OR), (D7)~ (s8) 12.25 6
ey REGISTER COPY (5% ~(on) 10.5 6
xOr REGISTER EXCLUSIVE OR (SREON) - (O8) 9.45 6
RAND PEGISTER AND (SN "AND*" (OR)~ (DY) 9.45 6
INPUT/OUTPIUT
nN RECUSTER INPUT {ACJ) + C= (10 ADDR) 10.85 8
{10 DATA) ~ (ACO)
sour REGISTER OUTPUT (AC3) + C - (10AUON) 10.85 8
{AC0)= (10 DATA)
SAG SET FLAG C~/I0ADDR}, 1= (CONTROL ALAG FC) 6.65 1
"G PULSE FLAG C~{(OADDK), 1—~(CONTROL RLAG £C) 6.65 T
HALY HALT PROCHSORHALTS d .. 8

*Times are For T4 Extended 8 Time Phazes
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Appendix B

TDY-5/B Assembly Language ‘

Each source statement of Appendices C and D contains an instruction found in
Appendix A or a 4 digit hexadecimal data word stored at the indicated memory
location, Figure Bl is the instruction format while Figure B2 is the data word
format:

Instruction Format

a) Optional address field with not more than ten alphanumeric
characters.
b) Instruction mnemonic field. See Appendix A.
¢) Working accumulator field or code field with the following formats
referenced to Appendix A. Formats 4A, 4B and 5;: Working
accumulator having one of four values
(0, 1, 2, 3) except where restricted by
Appendix A in the column labeled function.
Format 6: Source accumulator fnllowed
by destination accumulator in parenthesis.
Each having one of four values (0, 1, 2, 3).
Formats 1,7, and 9: Condition code
field containing one of sixteen values
(0,1,....,15).
Formats 2, 3 and 8: Field not used,

Preceding page biank 57
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d) Displacement field with either ten or less alphanumeric characters refer-

{ ring to an address f{ield, or a 4 digit hexadecimal value whose least significant
’ digits are used to determine the least significant bits of the instructions object
3 code. The addressing mode is placed in parenthesis at the end of the displacement
field for those instructions using formats 2, 3,4A and 5. The addressing mode is
one of four values (0, 1, 2, 3),

0 - direct

1 - relative to Program Counter

2 - relative to Accumulator 2

3 - relative to Accumulator 3

Data Format
a) Optional address field with not more than ten alphanumeric characters,
b) Data field having a 4 digit hexadecimal value,

ADDRESS ’ INSTRUCTION ) REG OR CODE 9 DISPLACEMENT |

Figure Bl. Assembly Language Instruction Format

o S

Figure B2. Assembly Language
ADDRESS s DCyy DATA ‘| Data Format

9
i
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LOC

0000
0001
0002
0003
0004

0005

0006
0007
0008
0009
000A
000B
000C
000D
coor
000F
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
001A
001B
001C
001y
001y
001F
0020
0021
0022
0023
0024
0029
26
5327
0028
0029
0024
0028
302C
0o2b
0oci

OBJECT CODE

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
k700
uC10
002
A0Q2
0800
0900
BO52
po4c
1205
1E01
2029
0880
202D
202¢
8002

Preceding page blank

AUTOPILOT L.STING

STMT
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SOURCE STATEMENTS

,DC,,0000,
INT2,DC,,0000,
T™,DC, ,0000,
scP,Dbe, ,0000,
COSPH,DC, ,0000,
SINPH,DC,,0000,
§CP2,DC, ,0000,
scp3,Dbc, ,0000,
SCPh4,DC, ,0000,
ADPH,DC, ,0000,
ADPL,DC, ,0000,
ADPH1 ,DC, ,0000,
ADPI1,DC, ,0000,
ADPH2,DC, ,0000,
ADPL2,DC, ,0000,
THETA,DC, ,0000,
THETA1,DC, ,0000,
THETA2,DC, ,0000,
ADYH,DC, ,0000,
ADYL,DC, ,0000,
ADYH1 ,DC, ,0000,
ADYL1,DC, ,0000,
ADYH2,DC, , 0000,
ADYL2,DC, ,0000,
PSIG,NC, ,0000,
PSIGL,DC,,0000,
PsIG2,DC, ,0000,
SEGADD,DC, ,0000,
REFPH,DC, ,0000,
REFPL,,DC, ,0000,
,bc, ,0000,
,DC, ,0000,
,PULL,3,,
,L1,0,0010,
JADD,0,TN(0),
,87,0,TH(0),
,SFLG,0,0000,
,S5FLG,1,0000,
,ST1D,0,C0UT(0),
,8UB,0,TL(0),
1BOC9215|
2,B0C,14,1,
,Jaup, ,2(0),
1,PFLG,0,0000,
3,J4p, ki (0),
L JaMp,,3(0),

[

5,1D,0,TH(0),

PR

PR
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AUTOPILOT LISTING (cont'd)

OBJECT CODE ST™MT
DO4D 48
1205 4o
0c00 50
1E01 51
2032 52
0c80 53
202D 5k
8002 55
DO4E 56
1202 57
0D00 58
2031 59
0Dp8o 60
8002 61
DO4F 62
1B54 63
8002 6L
D050 65
1204 66
Lcoo 67
BOS53 68
BOSk 69
2031 70
OE00 T1
8002 T2
DOS1 3
1BE2 4
OF00 5
0000 76
0000 T
1F20 78
1FCO 79
69F0 80
6A80 81
7¢€90 82
OFFC 83
OBFC 8h
07FC 8s
0000 86
0001 87
0020 88
TEF9 89
TOF6 90
0161 91
3810 2
3EA9 93
C1A6 9h

61

SOURCE STATEMENTS

»SUB,0,11(0),
»B0C,2,8,
9,SFLG,h,0000,
6,B0C,14,7,
»JMP,,6(0),
T,PFLG,4,0000,
»JMP,,4(0),
3,1p,0,mH(0),
»SUB,0,713(0),
,B0C,2,10,
»SFLG,5,0000,
»JMP, ,9(0},
10,PFLG,5,0000,
»IN,0,T(0),
»SUB,0,TF(0),
»¥0C,11,TRANS,
»LD,5,1N(0),
»SUB,0,TF3{0),
,B0C,2,11,
,1,1,0,0000,
,STLD,0,POUT(0),
»STID,0,YOUT(0),
!JMP’ ’9(0) ’
11,S8¥16,6,0000,
,LD,0,TH(0),
»SUB,0,T2(0),
,BOC,11,3,
»SFIG,T,0000,
SHALT,,
TL,DC, ,0000,
T1,DC,,1F?0,
TI3,bC,,1FCO,
1F,DbC, ,69F0,
TF3,DC, ,6A80,
T2,D¢, ,7C90,
CouT,DC, ,0FFC,
POUT,DC, ,0BFC,
YOUT,DC, ,07FC,
sCP1,DC, ,0000,
8CPs,be, ,0001,
THE? ,bC, 0000,
A,DC, ,TEF9,
B,DC,,TDFG,
K2,bc,,0161,
TGi,be,, 3810,
REFPLH,DC,, 3EAD,
REFP1L,DC, ,CIAG,
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Loc

005E
005F
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
006A
006B
006C
006D
006E
Y06F
0070
0071
0072
0073
00Th
0075
0076
0077
0078
0079
007A
007B
007C
007D
007E
007F
0080
0081
0082
0083
008k
0085
0086
0087
0088
0089
008A
0088
008¢C
008D
008E

OBJECT CODE

FFFF
9bC9
50F0
3E10
D6CF
FFFF
8B1k
TFFF
3D5A
CB6F
FFFF
6FOL
TFFF
0000
0000
0000
0000
0000
0647
0c8B
12c8
18F8
1F19
2528
2B1F
30FB
36BA
3C56
hice
h71C
hC3F
5133
S5F5
5A82
SEDY
62r2
66CF
6A6D
6DCA
TOE2
7385
Tonl
788h
TR
7C29
TD8A
TE9D
TFG2
TFDB

Bl

AUTOPILOT LYSTING (cont'd)

STMT

95

96

97

98

99
100
101
.02
103
104
175
106
107
1¢8
109
110
111
112
113
114
115
116
n7
118
119
120
121
122
123
12k
125
126
127
128
129
130
131
132
133
13k
135
136
137
138
139
140
1h]1
142
13

62

SOURCE STATEMENTS

ALITH,DC, ,FFFF,
A1TL,DC, ,9DC9,
‘T62,DC,,50K0,
REFP2H,DC, ,3E10,
REFP2L,DC, ,D6CF,
A2TH,DC, ,FFFF,
A2TL,DC, ,8B1k,
163,DbC, ,TFFF,
REFP3Hi,DC, ,3D5A,
REFP3L,DC, ,CB6F,
A3TH,DC, ,FFFF,
A3TL,DC, ,6F0L,
TGk, DC, ,TFFF,
,DC, ,0000,
,DC, ,0000,
,DC,,0000,
,DC, ,0000,
,DC,,0000,
,DC, 0647,
,DC,,0C8B,
,DC,,12¢8,
,DC,,18r8,
,DC,,1F19,
,DC,,2528,
,DC, ,2B1F,

'DC L] ’BOFB’
,DC,,SGBA,
»DC,,3C56,
,DC, , U1CE,
,DC,,h?lC,
,DC, JUC3F,
»DC,,5133,
,DC, ,55F5,
,DC, ,5A82,
,DC, ,SEDT,
,DC, ,62F2,
,DC, ,66CF,
,DC, ,6A6D,
,DC, ,6DCA,
,be, 7082,
,DC,, 7385,
,DC, ,T6h1,
,DC, , 7884,
»DC, ,TAYD,
»DC,,7C29,
,DC, ,TDBA,
,DC, ,7E9D,
WDC,  TRE,
WDC,,TFDS,
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B AUTOPILOT LISTING (Cont'd) 3
Hf i
y 1oC OBJECT CODE STWT SOURCE STATEMENTS
§ 4
5 008K TFFF 1bk ,DC, ,TFFF, !
: 0090 5500 15 CHECK,DC, ,5500,
) 0091 1000 146 YREPH,DC, 4000,
0092 Tr00 147 FIN,DC, ,TFOO,
0093 4FoO 148 TRANS,LI,3,0000,
00Sh OBOO 1h9 ,SFLG, 3,0000,
‘ 0095 okko 150 ,RIN, 0040,
0096 0B80 151 »PFLG,3,0000,
0097 0765 152 ,CMPBIT,5,,
0098 0A80 153 ,PFLG,2,0000, f
0099 5CFB 154 ,SHR,0, 0005,
009A 3281 155 »RCPY,0(2),, !
0098 SEFE 156 »SHR,2,0002, ;
009¢C 1408 157 »B0C,4,12 }
009D 8L6F 158 ,LD,3,006F(2), :
009E 5201 159 ,CAI,2,0001, i
009F C857 160 »ADD,2,THE2(0), '
00A0 866F 161 ,LD,1,006F(2), ,
00A1 130A 162 ,BOC, 3,14,
00A2 5301 163 »CAI,3,0001,
00A3 5101 164 13,CAT,1,0001, ;
! 00AL 20AC 165 »JMP, 14 (0), ‘
i 00AS 5241 166 12,CAT, 2,004, ‘
00A6 8E6F 167 ,LD,3,0068(2),
00AT 5201 168 ,CAT,2,0001,
! 00A8 857 169 JADD, 2 STHED(0),
{ 00A9 866F 170 JLD,1,006F(2),
; 00AA 1 3?8 ]71 ,R”C,?,l?,
00AB $301 177 ,CAI, 13,0001,
00AC ALON 173 1h,57,1,00001(0) ,
! 00AD ACO5 17h »5T,3,810PH(0) ,
] 00AE 8009 175 ,LD,0,A0PH(0),
! O00AK 8Lok 176 »LD,1,Cc08PH(0),
0080 28CB 177 ,JSR, ,MUL(0),
0081 A006 178 »ST,0,5CP2(0),
00B2 AhOT 179 »ST,1,5CP3(0),
00B3 8012 180 ,LD,0,ADYH(0),
] 00Bh 8105 181 ,LD,1,SINPH(0),
! 00BS 28cB 182 +JSR, ,MUL(0),
| 00B6 ohino 183 »DADD, ,SCP2(0),
00B7 0006
0088 2B8E1 184 »JISR, ,AOUT(0) ,
00B9 A008 185 »5T,0,5CPh (0),
00BA 8009 186 ,1D,0,ADPH(0),
00BB 8405 187 ,Lb,1,8THPH(0),
00BC 28CB 188 »ISR, ,MUL(O),
00BD A006 189 ,ST,0,5CP2(0),
63
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A AUTOPILOT LISTING (Cont'd)

- LOC OBJECT CODE STMT SOURCE STATEMENTS

] 00BE AbCT 190 ,5T,1,SCP3(0),

r OOBF 8012 191 ,LD,0,ADYH(0),

? 00Co 8uoh 192 ,LD,1,COSPH(0),

¢ 00C1 28CcB 193 ,JSR, ,MUL(0),

: 00C2 0L4BO 194 ,DSUB, ,SCP2{0),
00C3 0006

1 oock 28E1 195 »JSR, ,AOUT(0),

4 00C5 8108 196 ,Lb,1,sCP4(0),

3 00C6 EO5Y4 197 ,STIN,0,YOUT(0),

3 00CT BU4S3 19b ,STID,1,POUT(0),

3 0oc8 0C00 199 ,SFLG 4 ,0000,

] 00C9 1E2A 200 16,B0C,1h,15,

; 00CA 20C9 201 ,IMP,,16(0),

E 00CB 1211 202 MUL,B0C,2,100,

: oocc 3180 203 ,RXCH,0(1),,
00CD 1206 20k ,B0C,2,101,
00CE 5101 205 ,CAI,1,0001,
0OCF 5001 206 ,CAX,0,0001,
00D0 A003 207 102,sT,0,SCP(0),
00D1 oL8o 208 ,MPY, ,SCP(0),
00D2 0003
00D3 0200 209 ,R1'S, ,0000,
00Dk 5101 210 101,CAI,1,0001,
00D5 A003 211 103,s7,0,5CP(0),
00D6 oh8o 212 ,MPY, ,SCP(0),
00D7 0003
00D8 5000 213 ,CAI,0,0000,
00D9 5100 21h ,CAI,1,0000,
00DA okAo 215 ,DADD, ,SCP1(0),
00DB 0055
0obe 0200 216 ,RTS,,0000,
00DD 5180 217 100,RXCH,0(1),,
00DE 12F1 218 ,B0C,2,102,
0ODF 5001 219 ,CAT,0,0001,
00EO 20D5 220 .JUP,,103(0),
00EL 120E 221 AOUT,BOC, 2,13,
00E2 5000 222 ,CAI,0,0(00,
0OE3 5100 223 ,CAT,1,6000,
OOEN 0hAO 22h ,Davw, ,3CP1(0),
00ES 0055
0OE6 hFO1 225 ,bI,3,0001,
00ET EOF2 226 19,8KG,0,DSA(0),
00E8 20EE 227 LIMP,  17(0),
O0E9 8092 228 ,LD,0,FIN(0),
OOEA FC56 229 20,SKNE, 3,5CP5(0),
OOEB 0200 230 JRTS,, ,
00EC 6873 231 ,OR,0,PFIN(O),
OOED 0200 230 ,RTS, ,,

OOREE 5C07 233 17,SHL,0,0007,

OOEF 20EA 234 ,JMP, ,20(0),

00F0 h¥o0 235 18,11,3,0000,
64
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Loc

00F1
00F2
00F3
QOFh
00FS
00F6
00FT
00F8
00F9
OOFA
O00FB
00FC
00FD
OOFE
OOFF
0100
0101
0102
0103
010k
0105
0106
0107
0108
0109
010A
010B
010C
010D
010E
01OF
0110
0111
0112
0113
011k
0115
0116
0117
0118
0119
011A
011B
011C
011D
OL1E
011F
0120
0121
0122

AUTOPILOT LISTING (Cont'd)

OBJECT CODE

20ET7
OOFF
8000
4FOO
0B0OO
0hoo
0B80
A018
0B00
oL20
0B80
AOOQF
8818
8200
D002
1B1h
8o1c
DOOF
5C01
AOOF
8o01c
8Lk1p
06A0
0003
AOL1C
Ak1D
hro9
290F
8091
D018
5COL
A018
hF12
2909
0Cc80
202¢
L A0S
A81B
8201
AO1C
8202
AOLD
21E%
8308
8hsA
28¢cB
LE00
1201
LE80
4300

65

STMT

23F
237
238
239
240
2u1
242
243
24
245
246
2n7
248
2h9
250
251
252
253
25h
255
256
257
258

259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
27h
275
216
271
278
279
280
281
282
283
284

SOURCE STATEMENTS

,2JHP, ,19(0),
DSA,C, ,00FF,
FFIN,DC,,8000,
15,LI,3,0000,
,SFLG,3,0000,
L,RIN,, 0000,
,PF1G,3,0000,
,81,0,PSIG(0),
,SFIL, 3,0000,
LRIN, ,n020,
PG, 3,0000,
,S8T,0,7HETA(O),
,1D,2,86ADD(0) ,
,10,0,0000(2),
,5UB,0,TH(0),
,B0C,11,500,
501,1D,0,REFPH(0),
,SUB,0,THETA(O),
,SH1,,0,0001,
,S'P,0,THETA(O) ,
,LD,0,REFPH(0),
,ID,1,REFPL(0),
,DADD, ,0003(2),

,81',0,REFPH(0),
51,1, REFPL(0),
,11,3,0000,
JJSR, ,CALC(1),
,L.D,0,YREPH(O0) ,
,8UB,0,PSIG(0),
,$1iL,0,0001,
,ST,0,PS1G(0),
,11,3,0012,
,JSR, ,CALC(1),
,PFLG,},0000,
»,JMP, ,3(0),
500,AI8Z,2,0005,
,ST,2,8EGADD(0)
,1LD,0,0001(2),
,ST,0,REFPH(0),
,1.0,0,0002(2),
,ST,0,REFPL(0),
,JMP,,501(1),
CALC,1.0,0,0008(3),
,ID,1,K2(0),
,JSR, ,MUL(0),
,[1,2,0000,
,B0C,2,200,
,LI,2,0080,
200,PUSH, 3,,

-
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35

ety

Rt

LoC

0123
012h
0125
0126
0127
0128
0129
012A
012B
012C
012D
012E
OL2KF
0130
0131
0132
0133
013h
0135
01136
01737
0138
0139
O13A
013B
013C
0L3n
013%
013
01ho
01k
01hn
013
01hk
01hs
o1rh6
o1l
0148
01hy
01hA
o1hB
o1hke
o1hD
OLhkE
OlhF

AUTOPILOT LISTING (Cont'd)

OBJECT CODE ST SOURCE STATEMENTS
CAOO 285 ,SFI16,2,0000,
4ro8 286 ,L1,3,0008,
4200 287 201,PUSH,2,,

0280 288 JPULLY, ,,

58FF 289 ,ROR,0,0001,
59FF 290 JROR,1,0001,

L BFF 09, ,A1S%,3,00FF,
21FA o LIMP,,201(1),
700 293 ,PULL, 3, ,

4000 9l ,PUSH,0,,

1100 P95 LPUSHL T, ,

830h 196 ,LD,0,000h(3),
8705 297 ,ID,1,0005(3),
120A 298 ,B0C, 2,600,
5000 299 ,CAL,0,0000,
5100 300 ,CAT,1,0000,
ohAD 301 ,DADD, ,SCP1,
0055

2935 300 LISR, ,4PYR(1 ),
5000 303 ,CAL,0,0000,
5100 30h ,CAT,1,0000,
OhAO 305 ,DADD, ,5CP1,
0055

2101 306 LMP,,601(1),
2921 307 600,51, ,WPYR(1),
A006 308 601,57,0,5CP2(0),
AT 309 ,57,1,50P3(0),
h500 310 JuLLL,,

khoo 311 JPULL,0,,

OhBY 3 ,DsuB, ,6cpr(0)
0006

4000 313 ,husit,o,,

100 31k ,PUSH, L, ,

8302 31c ,1:0,0,0002(3),
8103 316 Lh1,1,0003(3),
1204 3 ,B03,2,700,
5000 318 ,CAJ,0,0000,
5100 319 ,CAI,1,0000,
ohao 30 ,DADD,,6CP1,
0055

2916 37 L8R, MPYA(T),
5000 302 ,CA1,0,0000,
5100 303 ,CAT,1,0000,
ohAo 30N ,DADD, , SCPL,
0059

66
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K SR

10C

0150
0151
0152
0153
015l
0155
0156
0157
0158
0159
015A
0158
015¢
015b
015E
O0LSF
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0164
0168
016¢C
016D
016E
016F
0170
0171
oure
0173
orth
0175
0176
ot
018
oLy

AUTOPILOT LISTING (Cont'd)

OBJECT CODE ST SOURCE STATFMENTS
2101 325 »JMP,,701(1),
2940 326 700,JSR, ,MPYA(L),
OA00 327 701,8¥15,2,0000,
5D01 328 ,5HL,1,0001,
5801 329 ,R0OL,0,0001,
A006 330 ,8r,0,8¢P2(0),
AhOT 331 ,ST,1,8¢P3(0),
4500 332 JPULL,LI, ,

Lhoo 333 ,PULL,0,,

ohao 33h ,DADD, ,5CP2(0),
0006

8E0t 335 ,L1,2,0007(3),
ABOB 336 ,S1,2,0008(3),
8806 337 ,1D,2,0006(3),
ABOT 338 ,51,2,0007(3),
8803 339 ,1D,2,0003(3),
ABOS 340 L81,2,0005(3),
8802 3 ,10,2,0002(3),
ABO) 3h2 ,51,2,000k(3),
A300 3h3 ,57,0,0000(3),
ATO0L 3h} ,87,1,0001(3),
0A00 345 L,SFLG,2,0000,
5D01 3h6 ,8H1,,1,0001,
5601 3T ,R01,,0,0001,
A302 3h8 ,S8T,0,0002(3),
AT03 3h9 ,81,1,0003(3),
0200 350 LRTS,,,

ooo 351 MPYB,PUSH,0,,

4100 352 LPUsH, L, ,

8459 353 »10,1,8(0),
003 35k ,57,0,5CP(0),
oh80 355 ,MPY, ,8CP(0),
0003

A006 356 ,$T,0,5¢P2(0),
AhOT 357 ,ST,1,5¢P3(0),
hhoo 358 ,PULL,0,,

0480 359 ,PFIG,2,0000,
SCIT 360 ,SHEK,0,0001,
849 361 ,LD,1,3(0),
A003 362 ,87,0,5¢r(0),
oh8o 363 LpY, ,50P(0),
0003

67




T

Faat dao Far o)

Ch 2

B i ol i e ]

I S-)

i <

LoC

017A
017B
017¢C
017D
0l17E
O1fF
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
018A
0188
018¢
018D
018E
018F
0190
0191
0192
0193
019k
0195
0196
0197
0198
0199
0194
0198
019¢C
019D
019E
019F
01A0
01A1
01A2
01A3
01Ak
01A5
01A6
01AT

AUTOPILOT LISTING (Cont'd)

OBJECT CODE STMT SOURCE STATEMENTS
0A0O 36k ,SFILG,2,0000,
5D01 365 ,SHL,1,0001,
5801 366 ,ROL,0,0001,
3181 367 ,RCPY,0(1),,
4co0 368 ,LI,0,0000,
okao 369 ,DADD, ,SCP2,
0006
A006 370 ,8T,0,5CP2(0),
AbOT 371 ,S8P,1,5CP3(0),
8136 372 ,LD,0,BL(1),
0480 373 ,PFLG,2,0000,
5CFF 37k ,SHR,0,0001,
4500 375 ,PULL,L,,
A003 376 - ,8T7,0,SCP(0),
Ak80 377 ,MPY, ,SCP(0),
0003
0AQ0 378 ,SF16,2,0000,
SDOL 319 ,SHI,1,0001,
5801 360 ,ROL,0,0001,
3181 381 »RCPY,0(1),,
4coo 382 ,L1,0,0000,
04A0 383 ,DADD, ,SCP2(0),
0006
0200 38l ,RTS,,,

4000 385 MPYA,PUSH,0,,
4100 386 ,PUSH,1,,
8458 387 ,ID,1,A(0),
A003 388 ,S7,0,5CP(0),
0h80 389 ,MPY, ,8CP(0),
0003

A006 390 ,ST,0,5CP2(0),
ALOT 391 ,ST,1,SCP3(0),
4400 392 ,PULL,0,,
0A80 393 ,PFI6,2,0000,
5CFF 39L ,SHR,0,0001,
8us8 395 ,LD,1,A(0),
A003 396 ,S7,0,5CP(0),
0u80 397 ,MPY, ,SCP(0),
0003

0A00 398 ,SFLG,2,0000,
5D01 399 ,SHL,1,0001,
5801 400 ,ROL,0,0001.,
3181 o1 ,RCPY,0(1),,
4Co0 402 ,LI,0,0000,
olA0 %03 ,DADD, ,SCP2,
0006
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AUTOPILOT LISTING (Cont'd)
LOC OBJECT CODE STMT SOURCE STATEMENTS
0148 A006 Lo ,ST,0,5CP2(0),
0149 ALoOT kos ,S8T,1,5CP3(0),
01AA 810E 406 ,LD,0,AL{(1),
01AB 0A80 kot ,PFLG,2,0000,
01AC 5CFF 408 ,SHR,0,0001,
O1AD 4500 ko9 ,PULL,L,,
OlAL A003 410 ,5T,0,5CP(0),
01AF o480 b1 ,MPY, ,SCP(0),
01B0 0003
h 01B1 0AOO 412 ,SFLG,2,0000,
3 01B2 5D01 413 ,SHL,1,0001,
i 01B3 5801 b1k ,ROL,0,0001,
, 01Bh 3181 W15 ,RCPY,0(1),,
X 0185 kicoo 416 ,LI,0,0000,
3 01B6 ohpo W17 ,DADD, ,5CP2(0),
01BT 0006
01B8 0200 418 ,RTS,,,
01B9 F9G2 k19 AL,DC,,F902,
01BA 0AGS 420 BL,DC, ,0A68,
’ 01BB 8120 k21 INTT,LD,0,PTEN(1),
3 01BC 292h h22 »JSR, ,FDELAY (1),
j: 01BD 811F 423 ,LD,0,PFIVE(1),
] 01BE 2922 hok »JSR, ,FDELAY(1),
3 O1BF 811F 425 ,LD,0,HFTVE(1),
; 01C0 2920 426 »JSR, ,FDELAY(1),
01C1 811¢ het ,LD,0,NTEN(1),
01c2 291E 428 »JSR, ,FDELAY (1),
01C3 8117 h29 ,LD,0,T6T1(1),
01ch A001 30 ,S7,0,1872(0),
01C5 hcoo h31 ,L1,0.0000,

i 01¢6 A002 W32 ,ST,0,TN(0),

J 01CT kF12 433 ,L1,3,0012,

, 01c8 kEO9 L3k ,LI,2,0009,

' 01¢9 A200 W35 605,51,0,0000(2),
0l¢.. hAaol 436 ,LAISZ,?,0001,
01CB hBFF 437 sAISZ,3,00FF,
o1CcC 21FC %438 ,9MP,,605(1),
01¢D LesB 439 ,L1,0,005B,
01CE AOLIB 4o +ST,0,SKGADD(0),
01CF 8osc Ly ,LD,0,REFPIH(0),
0100 AOLC W2 »ST,0,REFPH(0),
0101 805D 3 »ID,0,REFPLL(0),
0102 AOLD Uhl +ST,0,REFPL{0),
0103 hcoo Whs5 ,LT,0,0000,

69




Loc

01Dk
01D5
01D6
01D7
0108
01D9
01DA
01DB
01DC
01DD
Ol1DE
O1DF
01E0
01El
01E2
01LE3
O1Eh
O1E5
01E6
01ET
01E8
01E9
OlEA
O1EB

O01FE
O1FF

AUTOPILOT LISTING (Cont'd)

OBJECT CODE

BO53
BOSk
B052
8090
0900
B052
202¢C
2020
FF00
C000
TFO0
%000
753¢C
B0S3
BOSk
LDOE
81FB
L8FF
21FE
LOFF
21FB
0200
21D0
21CF

2500
01EA

70

STMT

L6
b7
448
hhg
k59
hs1
hs2
453
Lsk
455
k56
457
Ls58
459
460
L6L
h62
L63
L6l
465
L66
L67
468
469

470
471

SOURCE STATEMENTS

,STID,0,POUT(0),
,STID,0,YOUT(0),
,STID,0,COUT(0),
,LD,n,CHECK,
,SF1G,1,v000,
,STID,0,C0UT(0),
»JMP,,3(0),
INT1,DC,,2020,
PTEN,DC, ,FFOO,
PFIVE,DC,,C000,
ATEN,DC, ,TFOO0,
HrIVE,DC, ,h000,
DELAY,DC, ,753C,
FDELAY,STID,0,POUT(0),
,STID,0,YOUT(0),
,L1,1,000L,
900,LD,0,DELAY(L),
901,AISZ,0,00FF,
,IMP,,901(1),
,AI3Z,1,00FF,
,JMP,,900(3;,
sRTS,,,
LMP, INTI(1),
LJIMP,  INTT(1),

,JMPID, , INTI1(1),
INTI1,DC,,0LlEA




s . L R ey
e Y~ g - rsw—— FAT g Ao oomepres ’ Y

ERE s et W g B, Fh 5 %, e — e e AN s s A 3 vt v A gk mma o e - b et |

]
3
ROM LOADER LISTING
LocC OBJECT CODE STMT SOURCE STATEMENTS
FF13 0F80 20 1Y ,PFIG,T,0000,
FF1h 8182 21 ,LD,0,LFCR(1),
FF15 295A 22 »JSR, ,XMIT(1),
FF16 8181 23 ,LD,0,0C(1),
FF1T 2958 2k ,JISR, ,XMIT(1),
FF18 8180 25 ,LD,0,MM(1),
FF19 2956 26 ,JSR, ,XMIT(1),
; FF1A 817TF 27 ,LD,0,HA(L),
; FF1B 2954 28 ,JSR, ,XMIT(1),
{ FF1C 81TE 29 ,LD,0,8ICD(1),
; Frid 2952 50 »JSR, ,XMIT(1),
: FF1E 2D50 31 »JSRID,,50(1),
! FF1F E562 32 ,SKG,1,FOUR(1),
i FF20 2101 33 ,JMP,,11(1),
: FF21 21F1 34 ,JMP, ,2TY(1),
Fr22 E55D 35 11,SKG,1,0NE(1),
. FF23 2140 36 ,JMP, ,WRITF(1),
) FF2h E55C 37 ,8KG,1,TW0(1),
: FF25 2131 38 ,JMP, ,READ(1),
: FF26 2962 39 LIST,JSR, ,WORDR(1),
) FF27 E55A ko ,S5KG.1,FOUR(1),
; FF28 21EA I LIMP, TTY (L),
: FF29 4000 k2 ,PUSH,0, ,
' FI2A 295E u3 ,JSR, ,WORDE(1),
FF2B 4700 Wy ,ULL,3,,
| Fr2c E555 s ,SKG,1,FOUR(1),
: FFzD 21E5 u6 ,JMP, ,TTY(1),
FF2E 4000 W7 ,PUSH,0,,
FFoF 4300 48 ,PUSH, 3, ,
FF30 8166 L9 ,LD,0,LFCR(1),
FF31 293E 50 LJSR, ,XMIT(1),
FF32 8169 51 ,LD,0,01.(1),
FF33 293¢ 52 ,JSR,,XMIT(1),
Fr3k 8168 53 ,LD,0,5PC(1),
FF35 293A 5 »JSR, ,XHMIT(1),
FF36 8167 55 ,LD,0,8PSP(1),
FF37 2938 56 LJSR, ,XMIT( ),
i FF28 8166 57 ,LD,0,AD(1",
! ¢739 2936 58 »JSR, ,XMT. (1),
i A 8165 59 ,LD,0,Ar(1),
, rr'3B 2934 60 ,JISR, ,XMIT(1),
i FF3C 8157 61 ,LD,0,LFCR(1),
FI3D 2932 62 ,JSR, ,XMIT(1),
FF3E 3158 63 ,LD,0,LFCR(1),
FF3F 2930 6k LISR, , XMIT(1),

Preceding page blank
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2 ROM LOADER LISTING (Cont)

3

3 LoC OBJECT CODE STMT SOURCE STATIMENTS
FFLO 4700 65 ,PULL,3,,
FFh1 4600 66 ,PULL,2,,
FFh2 3p31 67 ,RCPY,3,(1),
FF43 5102 68 ,CAI,1,0002,
FFhk 3600 69 ,RADD,1(2),,
FFLs 3081 70 16 ,RCPY, 3(1),,
FFL6 4200 11 ,PUSH,2,,
wRYT 4300 12 ,PUSH, 3,,
FFL48 2958 73 ,JSR, ,WORDS(1),
FFh9 8154 Th ,LD,0,5PSP(1),
FFhA 2925 75 ,JSR, ,XMIP(1),
FF4B 4700 76 ,PULL,3,,
FFhe 8700 77 ,LD,1,0000(3),
FFLD 4300 78 ,PUSH,3,,
FFLE 2952 79 ,JSR, ,WORDS(1),
FFLF 8147 80 ,LD,0,LFCR(1),
FF50 291F 81 ,JSR, ,XMIT(1),
FF51 4700 82 ,PULL,3,,
FF52 4600 83 ,PULL,2,,
FF53 cp2C 84 ,ADD,3,08E(1),
FFSh Y AFF 85 ,AISZ,2,00FF,
FF55 21EF 86 ,JMP,,16(1),
FF56 21BC 87 ,JMP, ,TTY(1),
FF57 OF00 88 READ,SFLG,7,0000,
FF58 2930 89 ,USR, ,WORDR(1),
FF59 3381 90 ,RCPY,0(3),,
FF5A 14300 91 30,PUSH, 3,,
FF5B 292D 92 ,JSR, ,WORDR(1),
FF5C 700 93 ,PULL,3,,
FFSD ES24 ok ,SKG,1,FOUR(1),
FFSE 2103 95 »J¥P,,31(1),
FFSF A300 96 ,ST,0,0000(3),
FF60 CD1F 97 ,ADD,3,0NE(1),
FF61 21F8 98 ,JHP,,30(1),
FF62 OF80 99 31,PFIG,T,0000,
FF63 21AF 100 LJNP, ,TTY(1),
FF6h 292h 101 WRITE,JSR, ,WORDR(1),
FF65 E51C 102 ,SKG,1,FOUR(1),
FF66 21AC 103 JJMP, ,TTY(1),
FF67 4000 104 ,PUSH,0,,
FF68 2920 105 ,JSR, ,WORDR(1),
7F69 4700 106 ,PULL,3,,
FF6A E517 107 ,SKG,1,FOUR(1),
FF6B 21A7 108 ,IMP, TTY(1),
FF6C A300 109 ,5%,0,0000(3),
FF6D 21A5 110 JMP, ETY(1),
FF6E 0000 111 .n¢, , 9000,
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FF6F
FFT0
FFT1
FF72
FF73
FFTh
FF75
FF76
FFT7
FF18
FF79
FFTA
FF7B
FF7C
FFTD
FFTE
FFTF
FF80
FF81
FF82
FF83
FF8L
FF85
FF86
FF87
FF88
FF89
FF8A
FF8B
FF8C
FF8D
FF8E
FF8F
FF90
FF91
FF92
FF93
Frol
FF95
FF96
FFoT
FF98
FF99
FFoA
FF9B
FF9C
FFOD
FF9E

OBJECT CODE

FFB8
0A80
0Co0
2910
4E08
0c8o
1301
0Co0
290B
SCFF
LUAFF
21 F9
0c8o
2906
Y0y
15F1
0200
0001
0002
0004
8noh
LBFF
21FL
0200
ohsk
G2Fh
Lcoo
LEO)
4200
5COk
%000
2929
k100
3C00
L1600
ESEF
0200
LAFF
21F5
0200
848D
CFC3
[650]641)]
CEC1
BAC4
CFCC
AOC3
AOAO

ROM LOADER LISTING (Cont)
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ST

112
113
11k
115
116
117
118
119
120
121
122
123
12k
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
1ho
1
1h2
143
14k
1ks
146
1h7
148
1h9
150
151
152
153
154
155
156
157
158
159

SOURCE STATEMENTS

50,DC, ,FFBS,
XMIT,PFIG,2,0000,
»SLFG, 14,0000,
»JSR,,DELAY(1),
,11,2,0008,
4,PFLG, k0000,
»B0C, 3,3,
»SFLG, % ,0000,
3,JSR, ,DELAY(1),
»SHR,0,0001,
»ATSZ,2,00FF,
»JMP, L (1),
»PFLG I ,0000,
»JSR, ,DELAY(1),
»JSR, ,DELAY(1),
»BOC,5 ,XMIT,
» T 299
ONE,DC, ,0001,
TW0,DC, ,0002,
FOUR,bC, 000k,
DELAY,LD,3,V2(1),
2,A1SZ,3,00FF,
»IMP,,2(1),
’RTS)$’
V1,DC, ,0L6F,
v2,bc,,02Fh,
WORDR, L.1,0,0000,
,LL,2,000k,
20,PUsSH,?,,
»SHL, 0,000k ,
,PUSH,0,,
»JSR, ,RECV(1),
,PULL, 3,,
»RADD, 3(0),,
JPULL,2, ,
»SKG,1,FOUR(1),
’RT55’$
JATSZ 2,008,
»JHP, ,20(1),
RTS8, ,,
LFCR,bC, ,8A8D,
oc,bc, ,CFC3,
14,00, ,CDCD,
NA,DC, ,CECE,
S1CD, D, ,BACH,
oL,be, ,CFee,
SPC,IC, ,AOC3,
625P,De, ,AOAD,
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OBJECT CODE

c1ch
C1Dh
LEOk
0A80
SS90k
3481
b10E
690E
E10E
2109
D142
k100
k200
29C3
L6072
L5900
hary
21F1
0200
C10h
21¥6
000F
00CO
00C9
FFFO
Lbol
hcoo
YEOT
1201
21FE
bCY
29C5
1E01
3400
5D01
29C0
KAFF
21FA
29BD
hpih
890D
%000
D200
C9BS
110k

ROM LOADER LISTING (Cont)

164

169
170
171
172
173
17h
175
176
117
178
179
180
181
182
183
18%
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
20h
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SOURCE STATEMENTS

AD,DC,,C1Ch,
AT,DC,,C1Dh,
WORDS,LI,2,000h,
17,PF1G,2,0000,
,ROL, 1,000k,
»RCFY,1(0)},,
,AND,0,BLANK(1),
,OR,0,C(1),
,5KG,0,09(1),
,JdHP, ,300(1),
,SUB,0,NINE(1),
301,PUSH,1,,
,PUSH,2, ,
,JSR, ,XMIT(1),
,PULL,2,,
)PULL’-I-) ’
,AIS7%,2,00FF,
,JMP,  17(1),
,RTs,’O
300,ADD,0,B(1),
,2JMP, ,301(1),
BLANK,DC, ,000F,
¢,bc,,00C0,
¢9,bcC, ,00C9,
B,DC, ,FFFO,
RECV,LI,1,0001,
,L1,0,0000,
,L1,2,0007,
6,B0C,1k,5,
»JHP, ,6(1),
5,LD,3,V1(1),
,JISR,,2(1),
8,B0C,14,7.
»RADD,1(0),,
f,SHL,1,0001,
,JSR, ,DELAY(1),
,AISZ,2 ,00FF,
,JMP,,8(1),
»JSR, ,DELAY(1),
,L1,1,001h,
,iD,2,DATA(1),
9,PUSH,0,,
,5UB,0,0000(2),
LADD,2 JONE(1),
,B0oC,1,10,




LocC OBJECT CODE STMT SOURCE STATEMENTS
FFCC ) 205 ,PULL,0,,
FFCD LOFF 206 ,AISZ,1,00FF,
FFCE 21F9 207 ,J4P, ,9(1),

: FFCF 21E8 208 ,JMP, ,RECV (1),

3 FFDO 4400 209 10,PULL,0,,

: FFD1 6118 210 ,A¥D,0,TR(1),

g FFD2 E518 211 ,SKG,1,TEN(1),

S FFD3 c118 212 ,ADD,0,NINE(1),

1 FFDh 0200 213 LRTS,,

3 FFDS FFD6 21} DATA,DC, ,FFD6,

4 FFD6 0030 215 ,bc, ,0030,

3 FFDT 0031 216 ,DC, ,0071,
FFD8 0032 217 ,DC,,00,2,

- ] FFD9 0033 218 ,DC, ,0033,

1 FFDA 003k 219 ,bC, ,003h,

E FFDB 0035 220 ,DC,,0035,

: 1 FFDC 0036 221 ,bC, ,0036,

3 FFDD 0037 222 ,be, ,0037,

: FFDE 0038 223 ,bc, ,0038,

5 FFDF 0039 22} ,DC, ,0039,

) FFEO ookl 225 ,bc, ,00li1,

3 FFEL ook2 226 ,bC, ,00h2,

3 FFE2 00h3 227 ,DC, ,0043,
FFE3 0oLk 228 ,DC, , 000k,

] FFEb 0045 229 ,bc, ,0045,

1 FFES 00L6 230 <, ,0006,

: FFE6 0021 231 ,bC,,0021,
FFEY ooke 232 ,DC, ,00kC,
FFE8 0052 233 ,bC, ,0052,
FFE9 0057 23k ,bC, ,005T,
FFEA 000F 235 TR,DC, ,000F,
FFEB 000A 236 TEN,DC, ,0004,
FFEC 0009 237 NINE,DC,,0009,
FFED 0003 : 238 THREE,DC, 0003,
FFEE 0900 239 ,SFLG,1,0000,
FFEF 2500 240 »JMPID, ,TTYB(1)
YFFO FF13 241 TTYB,DC,,FF13,
FFFE 2500 242 ,JMPID, , TTYB1(1)
FFEF FF13 243 TTYB1,DC, ,FF13,
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Appendix E

Definition of Terms

A : MSPofA £3%. (7) and (8)
AL : LSPofA Eqgs. (7) and (8)
ACO0 : Accumulator 0 of the TDY~52B
AC1 : Accumulator 1 of the TDY52-B
AC2 : Accumulator 2 of the 1'DY-52B
AC3 : Accumulator 3 of the TDY-52B

ADPH : MSPof ADP  Eq. (7)
ADPL : LSP of ADP Eq. (7)
ADPH1: MSP of ADP1 Eq. (7)
ADPL1: LSP of ADP1 Eq. (7)
ADPH2: MSP of ADP2 Eq. (7)
ADPL2: LSP of ADP2 Eq. (7)
ADYH : MSP of ADY Eq. {(8)
ADYL : LSPof ADY Eq. (8)
ADYHl: MSPof ADY1 Eq. (8)
ADYL1l: LSP of ADY1 Eq. (8)
ADYH2: MSPof ADY2 Eq. (8)
ADYL2: LSP of ADY2 Eq. (8)
B : MSPofB Eqgs. (7) and (8)
BL : LSPofB Eqgs. (7) and (8)

COUT : Address of clock latch, a store instruction to this address will cause
bits 8 through 15 to Le loaded in the clock latch (see Figure 4).
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DATA (2+000F16) : Used by the flow charts to reference the memory contents at

F8

INTEN :

INTRA :

K2
LIFO

LSD
LSP
MSD
MSP

.

POUT :

¢

vg
PSIG
PSIG1

PSIG2 :
PULSE:

REFPH:

REFPL:
REFPH1 : MSP of starting value of Pitch Reference for line segment ending

REFPL1

SEGADD

SEL

STACK1

fg

THETA:

THETA1:
THETA2:

TTY
TF
TF3
Tl
TI3

the mwemory loc2lion computed by adding AC2 to 000F16'

TDY-52B generzl purpose output flag 8 which may be set at T2 or reset
at T6 under software control. There are 6 flags available,

Interrupt Enable Flag when set under software control enables TDY -52B
internal interrupt structure,

TDY-52B interrupt signal input which is sampled under hardware control
during T3 to detect an interrupt. If set the next instruction executed is
from memory location 000116’

K2 of Eq. (6)

Refers to the TDY-52B 16 word by 16 bit Last In/First Out Shift
register, that is, stack.

Least Significant Digit
Least Significant Part
Most Significant Digit
Most Significant Part

Address of Pitch Latch, a store instruction to this address will cause
bits 8 through 15 to be loaded in the Pitch Latch (see Figure 4).

Gyro Roll position angle.

Gyro Yaw position angle.

vg

PSIG one sampling period removed.

PSIG two sampling periods removed, Eq. (8).

Refers to the setting and resetting of a TDY ~-52B Flag during the same
microcycle,

MSP of current Pitch Reference (see Figure 23).
LSP of current Pitch Reference (see Figure 23).

at time tg, (see Figure 25).

: LSP of starting value of Pitch Reference for line segment ending at
time tg, (see Figure 25).

: Address of TGl, TG2 or TG3 (see Figure 23).
TDY -~52B Select Flag.

: Reference to location one of the LIFO0.

Gyro Pitch position Angle.

bg

THETA one sampiing period removed.

.

THETA two sampling periods removed, Eq. (7).
Mnemonic for ASR-33 Teletype.

Time to zero fins.

TF + 100 ms, time to initiate lock fins pyrotechnic
Time to initiate actuator pyrotechnic

TI+100 ms
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1 TL : Launch time - not used
1 T2 : Second Stage ignition time

[ACO+ACI] Refers to 32 bit word formed by ACO, MSP, and AC1, LSP.

TS R

R
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